Seeking to use an increasingly clean and sustainable energy matrix, the use of biomass derivatives becomes an increasingly present alternative. Among the processes that can be used to generate higher added value products from biomass, the gasification process is highlighted. The irregular and spherical shape of the biomass particles inserted in the bed make this process difficult, however, and it is necessary to add an inert material (usually sand), forming a polydisperse bed filled with a binary mixture, but the biomass/sand is extremely important for the fluidization process to occur. Therefore, the present work had the objective of determining the fluidization curves of a binary mixture of sand and fodder turnip, which is formed by 10%, 30%, 50%, 70% and 90% of biomass in its volume. The fluidization of the Raphanus sativus L. husk fluidized up to a 70% biomass ratio in the blend, increasing the yield of the system and providing a viable and sustainable alternative for the application of biomass in biorefinery processes.
Open Access Library Journal fossil fuels has given the sources of renewable energy a prominent role in the energetic scene. Fossil fuels, finite and highly polluting, are losing ground to the energy generated from the sun, the winds and biomass [1] . Biomass, bioenergy and bioproducts through biorefinery processes, have a significant role in biomass, especially because of its versatility and storage capacity [2] .
Still according to Santos [2] , biomass can be defined as any organic compound, of animal or vegetable origin, that can be converted into a bioproduct.
Among the biomasses that present great potential for use in biorefinery processes, it is worth mentioning the Raphanus sativus L. This legume has a short-lived phenological cycle, which makes it feasible for green manuring in the off-season [3] . Faria [3] still complements that residues from the production of Raphanus sativus L. are commonly used in the manufacture of animal feed. The concept of biorefinery, however, can provide a nobler destination for this waste, generating income for producers and helping to form a cleaner energy matrix. The use of the chemical and energy potential of biomass can be done through chemical, biochemical or thermochemical routes. Within the thermochemical routes, the conversion of the biomass into bioelectricity becomes extremely efficient through the combustion of it in fluidized bed reactors. Fluidization allows a greater homogenization of temperature in the reactor by increasing the contact surface between the upward fluid in the bed and the fuel to be fluidized, generating high rates of heat transfer and mass [4] .
One of the obstacles to the use of biomass in fluidization processes, according to Genher [5] , is its irregular nature, with random formats, which make its fluidization difficult, so, for the fluidization of the biomass, it is necessary to add an inert material with greater sphericity. It would facilitate a fluidity of a large amount of biomass. The most commonly used are sand, calcite or alumina.
The fluidization process of this binary mixture is influenced, among other things, by the proportion of biomass, considering that a mixture containing large amounts of biomass tends to present greater fluidization difficulties, forming preferential paths in the bed or causing segregation of the parts of the mixture [5] . In this way, the goal of the present work was to study the influence of the increase of biomass in a binary mixture of biomass and sand.
Through this study, it is possible to verify the possibility of using Raphanus sativus L. in gasification processes as well as to optimize the feed rate of the fluidized bed reactor.
Fluidization is a necessary instrument for gasification of biomass, a process by which a solid fuel is transformed into a gaseous fuel, which can be commercialized for the generation of bioproducts or as a source of heat, thus offering a new alternative to the energy matrix.
Materials and Methods

Raphanus sativus L.
A legume belonging to the Brassicaceae family, Raphanus sativus L. is an oilseed Open Access Library Journal commonly used in green manuring and crop rotation in the central-west, south and southeast regions of Brazil [6] . It presents a high content of protein and oil, which can reach up to 40%, being used in the manufacture of animal feed [7] .
The Raphanus sativus L. can be visualized in Figure 1 . It can reach 1 meter in height, it has an annual cycle, being a plant with several branches [8] . Being a fast-growing plant, it is able to cover up to 70% of the soil surface after 60 days of germination. Its phenological cycle varies between 150 and 180 days [9] [10].
The biomass used in the experiment was provided by the State University of Rio Grande do Sul, located in Três Passos, which originates from the experimental cultivation area of the Agronomy course. As standout characteristics, the cultivar presents a high capacity of cycling of nutrients such as nitrogen and phosphorus, and then, the capacity to develop in soils considered poor for other crops [11] .
The Raphanus sativus L. husk was cultivated and supplied by the Universidade Estadual do Rio Grande do Sul in Três Passos/RS unit. The Raphanus sativus L. was placed in a stove to remove moisture at a temperature of 105°C for a period of 8 hours in constant homogenization. After the milling process, the specific mass of the biomass as well as the sand, used as an inert material during the fluidization, was determined. In the determination of the specific mass, according to norm NP EM 1097-6, the pycnometry with water was performed. By this analysis, it was possible to obtain the actual specific mass of the sand used in the binary mixture; however, due to the low density of the biomass particles, it was not possible to obtain its actual specific mass values through this test.
Due to the impossibility of determining the actual specific mass of the biomass via pycnometer with water, the analysis was changed for helium gas pycnometer.
The pycnometer used was Micromeritics, model AccuPcy II 13 of the LCVMAT.
To measure the apparent density of the material, the mass of material needed to fill the bed up to the height (H) of 94 mm was measured, this value being also corresponding to the bed diameter (D). In this way, the ratio H/D ≈ 1. For the preparation of the samples was defined as standard volume 2.60 × 10 −3 m³, this being the standard volume used in the preparation of the samples. The ratio obtained between the mass of the material and its apparent volume determined the apparent specific mass of the material.
With the apparent density of the biomass and the apparent density of the sand, the biomass and sand mixtures were made in different volumetric proportions, containing 10%, 30%, 50%, 70% and 90% of biomass, being complemented by the addition of inert material. The mixtures were sent to the fluidization bed (Figure 3 ), where the experiment was performed.
The fluidization bed consists of a cylindrical acrylic tube that has an internal diameter of 94 mm and a wall thickness of 3 mm. At the bottom of the bed, there is a 100 mm stainless steel tube. This is called a distributor, whose purpose is to distribute the upward flow of fluid uniformly throughout the cross-sectional area of the bed. Below the distributor is a semiconductor in which the fluid used is inflated in the bed. The fluid used in the experiment was air.
At the ends of the distributor, there are metallic screens; the one located at the lower end serves to support the glass beads, randomly arranged in the dispenser, while the screen at the top of the dispenser serves to support the material to be fluidized, which comes to compose the bed. Open Access Library Journal After the mixture of biomass and sand was inserted in the bed, the air flow was increased to homogenize. After the airflow was interrupted, the bed was put back in its initial position for the experiment to be performed. The air flow was increased manually, during the increase of the air flow, the expansion of the bed, and after reaching a limit, it was noticed the appearance of air bubbles on the surface of the bed. 
Results and Discussion
The actual and apparent densities of the sand and forage turnip obtained can be seen in Table 1 . The results for the Raphanus sativus L. husk were compared with those obtained by Genehr [5] that made the fluidization of eucalyptus and pinus chips also using sand as an inert material.
It was noted that both the specific mass and apparent density of the Raphanus sativus L. are lower than that of Pinus and Eucalyptus. The apparent density interferes with the mass of the biomass present in the mixture, which in turn will impact on the fluidization process of mixtures with a large amount of biomass, mainly in the formation of preferred paths in the segregation of the mixture. The volumetric proportions of biomass in the mixture were chosen to cover two extreme scenarios, the first one in which the amount of biomass is small, being only 10%, and the second in which the amount of biomass is the majority, being 90%. Thus, a standard volume of was established, and using the apparent density of the biomass and the sand, the masses were calculated so that the mixtures with the established proportions were obtained.
The mass fractions (χ Raphanus Sativus L. ) present in each fluidized mixture can be seen in Table 2 . 
CNF-XX.Y
Where XX corresponds to the volumetric percentage of biomass in the mixture, It is possible to observe, after the data analysis, that the increase of the ratio of Raphanus sativus L. husk causes the decrease in the load loss, in contrast, increasing both the apparent fluidization velocity and the minimum fluidization velocity ( Table 3) . The U fa is determined experimentally by the point of greatest loss of charge during the fluidization process. Upon reaching the velocity corresponding to the maximum loss of charge the particles of the bed start to move and the bed then passes from the fixed to the fluidized state.
During the defluidization process, the U mf occurs at the intersection between the line at which the pressure is stabilized, and the fluidization curve of the immersing component of the blend.
The reduction of the load loss in the mixtures with greater amount of biomass can be understood by the decrease in the total mass of the mixture, due to the lower density of the biomass compared to the sand used, thus the drag force ne- cessary to compensate the weight force of the particles becomes smaller, which causes the air load loss to be smaller. On the other hand, the higher biomass increase in the mixture favors the appearance of preferential paths, which, in addi-Open Access Library Journal tion to contributing to the reduction of the load loss, causes an increase in both the apparent fluidization velocity and the minimum fluidization velocity ( Figure   6 ). So that the preferred paths are undone, it is necessary to increase the air flow.
The increase in airflow, however, causes the entrainment of the bed particles, causing a large amount of biomass to be lost. The irregular and low sphericity form of the biomass also contributes to the segregation processes of the bed mix occurring.
In the process of fluidization containing Pinus and Eucalyptus, Genehr [5] observed the formation of preferential paths, which caused an abrupt drop in the fluid load loss already in the mixture containing 50% biomass and 50% sand. This state makes the fluidization process impossible, so that a very large velocity of the upward fluid is required for the preferred paths to be undone. In this state of fluidization, however, the transport of part of the biomass out of the bed occurs, causing the system to lose efficiency. During the fluidization of the Raphanus sativus L. the mixture containing 70% of biomass presents a low formation of preferred paths, which contributes to the fluidization process occurring with a higher proportion of biomass, provoking an increase in the fluidization efficiency.
Conclusions
Increasing the proportion of Raphanus sativus L. in the bed of a fluidized bed Figure 6 . Velocity x ꭓ biomass . The increase of the flow of the fluid causes the biomass particles to be dragged out of the bed, causing the loss of biomass, consequently reducing the efficiency of the system. This fact is mainly due to the large difference in the specific mass of the sand particles and the Raphanus sativus L., as well as the low spherical shape of the biomass particles, which favors their drag.
Finally, for the use of the Raphanus sativus L. presented in fluidized bed reactors, it is necessary to control the proportion of biomass and inert material, and in the experiment, the mixture containing the proportion of 50% sand and 50%
of Raphanus sativus L. has not caused a significant change in the fluid pressure drop, which indicates the absence of preferred paths, thus providing an interesting proportion for use on a larger scale.
